
 

C H A P T E R 4 
 

■ ■ ■ 
 

ExploroBot—Program It 
 
 
 
 
 

 

Your ExploroBot looks nice, but it really doesn’t do much yet, does it? That’s about to change. 

In this chapter you’re going to create the program that sends the bot down the tunnel (and 

back) to trigger  the locked tomb door. So, let’s get started. 

 
 

Some Experience Required 
This chapter isn’t about teaching you the basics of the software. Included with the Lego 

Mindstorms NXT software is a collection of software tutorials. At this point, I’m making the 

assumption that you’ve built the bots  included with the Mindstorms NXT kit and  you’ve gone 

through the tutorials for programming the bots.  During these tutorials, you received some 

basic  skills in selecting programming blocks, dropping them into the workspace, and  config- 

uring  the blocks. 

In this chapter, I’m going to show you how to use your completed Design Journal sheet for 

the ExploroBot to help you construct the program, block by block. So go ahead and  open up 

the Lego Mindstorms NXT software (see Figure  4-1). 

 

 
 

Figure 4-1. The Lego Mindstorms NXT software 
41 



42 CHAPTER  4  ■  EXPLOROBOT—PR OGRA M  IT   
 

 
You’re going to create a new program, so type ExploroBot into the blank text field labeled 

Start New Program,  then click the Go button (see Figure  4-2). 

 

 
 

Figure 4-2. Enter a name for the new program and click Go. 
 

 
 

■Note To have more workspace visible on your screen, close down the RoboCenter area on the far right by 

clicking the small red X in the upper-right corner of the software. 
 
 
 

Now, before we start dropping blocks  all over the place, we need to think about what  this 

program is supposed to do. Remember the Task  List from the Design Journal? This is where 

that Task  List is going to come in handy (see Figure  4-3). 

We’re going to use each of the numbered items from the Task  List to determine what 

types  of programming blocks  will be placed on the workspace. Like the construction of the 

actual ExploroBot, there are also numerous ways to program the bot. As you experiment with 

the Lego Mindstorms NXT software, you’ll probably discover new (and better) methods for 

programming. You might find a way to shorten the program so it takes  less memory space in 

the Intelligent Brick. Or you might choose to switch out the Ultrasonic Sensor with the Touch 

Sensor, which requires slightly different programming blocks. My point is this: there’s no 

perfect method for programming the ExploroBot. With that in mind, let’s do a little planning 

before dropping some blocks. 
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Figure 4-3. The Task List will help us to program the ExploroBot. 
 

 
Take a look at the Task  List’s first item: ―Move forward 10 feet.‖ What do you think—maybe 

throw in a Light Sensor block? Just kidding. The bot first has to move forward down the tunnel, 

so that means a MOVE block (see Figure 4-4). 

 

 
 

Figure 4-4. The basic MOVE block 
 

 
 

■Note   You can  drag  and  drop  a MOVE block from many different locations. One is located on the COMMON 

palette, and the other MOVE block can be found on the COMPLETE palette.  In this chapter,  I’m not going to point 

out every place for you to grab a block. In most instances, just look around on the COMMON and  COMPLETE 

palettes and you’ll find the necessary blocks. This will help to familiarize you with all the other programming 

blocks available. If you find one you’re not familiar with, drop it on the workspace and play around with it for a 

few minutes . . . there’s no rush. 
 
 
 

We’ll configure the MOVE block a little later.  For now, let’s move  to the next Task  List item: 

―Stop before hitting wall.‖ Obviously, this would use a Touch Sensor or Ultrasonic Sensor. The 

ExploroBot in Chapter 3 uses the Ultrasonic Sensor, so we know we’ll be configuring it later. 

One interesting thing to note is that the bot will make four left turns during its travel down the 

tunnel. How did I come up with this number? Take a look at Figure 4-5 and you’ll see all four turns. 
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Figure 4-5. The ExploroBot will make four left turns and two right turns during its travels. 
 

 
After the robot has reached the end of the tunnel and  turned completely around, it will 

make two right turns on its way out of the tunnel (see Figure  4-5). 

Now, why is this important? Because when programming, sometimes it pays to try and 

reduce the amount of work you need to do. And the Lego Mindstorms NXT software comes 

with a useful block we’re going to use here that will save us some time. That block is the LOOP 

block (see Figure  4-6). 

 

 
 

Figure 4-6. The basic LOOP block 
 

 
The final block I want to discuss is the WAIT block (see Figure  4-7). When  the ExploroBot 

reaches the trigger, I want it to stay there for a short period of time,  just to make sure  the 

pressure plate is triggered. 

 

 
 

Figure 4-7. The basic WAIT block 
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With these four blocks, you have all the tools you need to program the ExploroBot to per- 

form its duties. 

 

 

Into the Tunnel 
To save some time,  I want you to look at the Task  List again. I’m going to group some of the 

tasks together like this: 
 

(Group 1) Forward – Detect Wall – Stop – Turn  Left (first corner) 

(Group 2) Forward – Detect Wall – Stop – Turn  Left (second corner) 

(Group 3) Forward – Detect Wall – Stop – Turn  Left (end of tunnel) 

Turn  Left (this final turn is so the bot is pointed in the direction to leave) 
 

Notice the first three groups are identical. When  programming the ExploroBot, you could 

choose to place  a MOVE block, another block for the Ultrasonic Sensor to detect the wall, another 

block to stop the motors, and  another block to turn the bot left. And this will only get you past 

the first corner! You’ve still got group 2 and  group 3 to go! 

This could take a while. But not really. You’re going to use the LOOP block in such a way that 

you can have the ExploroBot do all three groups with minimum programming. First, place  a 

LOOP block on the sequence beam (see Figure  4-8). It’s not much to look at, but hang on. 

 

 
 

Figure 4-8. You’ll start with the LOOP block to save some time. 
 

 
The LOOP block repeatedly executes blocks  within it (inside its orange borders) an unlim- 

ited amount of times or a specified number of times. The LOOP block can also repeatedly 

execute a sequence of blocks  inside it until  a condition is met (such as a sensor block being 

triggered). You can even put  a LOOP block inside a LOOP block! 
 

 
 

■Note Putting a LOOP block inside another LOOP block is called “nesting.” We’re going to use this concept 

with the ExploroBot. Keep reading. 
 
 
 

Because you have three groups of similar tasks, you’re going to set this first LOOP block to 

run three times. After you’ve dropped the LOOP block onto the workspace, take a look at the 

configuration panel (see Figure  4-9). 
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Figure 4-9. The configuration panel  for the LOOP block 
 

 
From  the Control: drop-down menu, select  Count. In the Count: text box, enter the 

numeral 3. Now, any blocks  or actions that you place  inside this loop will be performed three 

times before this LOOP block is finished and  the program continues. Now, what  goes in the 

loop? Would you believe another LOOP block? 

You want the ExploroBot to begin rolling  down the tunnel and  continue until  the Ultra- 

sonic  Sensor detects the first corner, right? Well, to program this you need the MOVE block to 

continue turning motors B and  C until  the Ultrasonic Sensor detects the wall. To do this, you 

place  a MOVE block inside a LOOP block that’s configured to use the Ultrasonic Sensor to break 

the loop. Just drop another LOOP block inside the first LOOP block (see Figure  4-10); it will 

expand to allow the new LOOP block. 

 

 
 

Figure 4-10. Nest another LOOP block inside  the first LOOP block. 
 

 
Now you need to configure the inner LOOP block to use the Ultrasonic Sensor (see 

Figure  4-11). Using the configuration panel for the inner LOOP block, change the Control sec- 

tion to Sensor. In the Sensor  section of the drop-down menu, select  Ultrasonic Sensor. Also, 

set the Distance: setting to 5 (inches). You could also select  Centimeters from the Units drop- 

down menu in the Show section, but you’re going to leave it at the default, Inches. 

 

 
 

Figure 4-11. Use the configuration panel  to configure the inner  LOOP block. 
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■Note At the end of this chapter, I’ll cover testing of the ExploroBot. The setting of five inches might not be 

correct for your ExploroBot. You’ll have to test different sensitivities  of the Ultrasonic Sensor to determine the 

proper distance for the Ultrasonic Sensor to break the LOOP and stop the bot’s forward movement. 
 
 
 

Next you’ll drop in the MOVE block (see Figure  4-12) and  use its configuration panel to con- 

figure it. You want the motors to turn continually and  only stop  when the Ultrasonic Sensor 

breaks the LOOP block. You’re also using motors B and  C and  motion set to forward. 

 

 
 

Figure 4-12. Place a MOVE block inside  the inner  LOOP block. 
 

 
Once the LOOP block is broken (by the Ultrasonic Sensor), the bot needs to stop the forward 

motion and  turn left. This also is done three times (see the earlier three groups). Now you need 

to drop in a block to stop the motors, and  another block to turn the bot. 

First, let’s drop in a MOVE block to stop  the motors (see Figure  4-13). It’s easy to configure. 

Just select  the Stop  action (as shown) instead of forward movement. 
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Figure 4-13. Another MOVE block stops the motors from turning. 
 

 
The final action for the outer LOOP block is to turn the bot to the left. Drop  in another MOVE 

block and  configure it as shown in the configuration panel (see Figure  4-14). 
 

 
 

■Note Only one motor (B) is configured to turn in this MOVE block. When motor B turns and motor C is 

motionless, the bot will turn left. At the end of this chapter, I’ll show you how to determine the proper 

number of degrees needed to make a good left turn—for  now, let’s set it to 360. We’ll also cut the power 

down to 25 for this block to make the turn slow and steady. 

mailto:jleahy@schools.nyc.gov
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Figure 4-14. This MOVE block turns the bot to the left. 
 

 
Let’s pause here and  take a look at what  we’ve done. I’m also going to ask you to add some 

comments to your program. Comments are a built-in feature of the software and  will come in 

handy if you ever want to make changes later or give the program to a friend. With comments, 

someone else looking at your program should be able to follow along  and  better understand 

what  your program does and  why. 

At this point, you’ve got an outer LOOP block that will run three times. Everything inside it 

will occur three times and  three times only. This means the bot will move  forward until  the 

Ultrasonic Sensor detects an obstruction in its path (the tunnel wall), stops moving, and  turns 

left—three times. If you go back to Figure  4-5, you’ll find that when the outer LOOP block com- 

pletes, the bot should be sitting on the trigger  and  facing north. 

I suggest that you use the Comment tool (see Figure  4-15) and  type in a description of the 

blocks  that you’ve just created. In Figure  4-15, I’ve included my comments for you to see. 
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Figure 4-15. Place comments for your blocks using the Comment tool. 
 

 
Now that the robot is on the trigger, let’s go back to the Task  List. Step 9 is for the bot to 

pause for 30 seconds. This is simple—just drop a WAIT block at the end of the program and  set 

it for 30 seconds (see Figure  4-16). 

 

 
 

Figure 4-16. A WAIT block is added for the bot to pause on the trigger. 
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Because the bot is facing north, you need it to make one more left turn (see Figure  4-5) so 

it can go back the way it came and  leave the tunnel. Easy enough. Just drop a MOVE block in and 

configure it like the other MOVE block that turns the bot (see Figure  4-17). Like the earlier MOVE 

block, let’s set this one with a power setting of 25 and  duration of 360 degrees until  we deter- 

mine the actual turn required. 

 

 
 

Figure 4-17. A MOVE block is added to make the final left turn. 
 

 
Figure 4-18 shows a comment I’ve added at this point in the program. Again, I highly recom- 

mend comments. You never know when you might come back to this program—having comments 

will quickly help you to refresh your memory of how things work and are configured. 

 

 
 

Figure 4-18. I’ve updated the comments in the program. 
 

 
At this point, it’s time  to program the exit of the ExploroBot. 
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Out of the Tunnel 
Right now, the ExploroBot is facing west, ready  to begin its exit from the tunnel. Just like the 

entrance, the bot will make some moves that are duplicates: 
 

(Group 1) Forward – Detect Wall – Stop – Turn  Right (second corner) 

(Group 2) Forward – Detect Wall – Stop – Turn  Right (first corner) 

Turn  Right (this final turn allows the robot to leave the tunnel) 

So, once again, there’s an opportunity to use two LOOP blocks, one nested inside the other. 

There  are just a couple differences with these two LOOP blocks: 
 

•  The bot will be making right turns instead of left turns. 
 

•  The bot will make two right turns, so the outer LOOP block should only need its Count 

set to 2 instead of 3. 
 

Knowing this information, let’s place  the two LOOP blocks  and  configure the outer LOOP for 

three repetitions and  the inner LOOP for the Ultrasonic Sensor (see Figure  4-19). But didn’t I say 

that it only needed to make two right turns? After that second right turn, you want the bot to 

keep rolling.  It won’t encounter another wall, but it should encounter your hands, waiting for 

it to come out of the tunnel. For that reason, you can configure this LOOP with a count of 3, 

even though it won’t make an actual third turn. 

 

 
 

Figure 4-19. Two LOOP blocks placed and configured 
 

 
Next, place  three MOVE blocks:  one for moving the bot, one for stopping the motors, and 

one for turning the bot. The first MOVE block is configured with Unlimited duration for motors 
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B and  C. The second MOVE block is configured to stop  motors B and  C, and  the third MOVE 

block is configured to turn only motor C at a power level of 25 and  a duration of 360 degrees 

(see Figure  4-20). 

 

 
 

Figure 4-20. Place three MOVE blocks here. 
 

 
Comments are placed describing these new LOOP and  MOVE blocks  (see Figure  4-21). 

 

 
 

Figure 4-21. Comments are added to describe these new blocks. 
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That’s it. Well, not quite. But we’re close. Remember all those MOVE blocks  that turn the 

bot? We set them to 360 degrees. That was just a guess. When  I downloaded this program to my 

ExploroBot and  ran it, those 360 degrees of rotation on the motors actually turn the bot only 

about 20 degrees to the left. To make those right and  left turns, we’re going to need the motors 

to turn quite a bit more. Luckily, the Intelligent Brick comes with a nice little tool to help you 

determine the correct number of degrees needed to turn the bot. Read on . . . 

 

 

What the Degree, Kenneth? (With Apologies to REM) 
First, I need you to turn on the Intelligent Brick. 

Using the Brick’s right or left button, scroll through the list of options until  you find View. 

Press the orange select  button on the Brick and, using the right or left buttons, scroll through 

this list until  you find Motor degrees. Once again, press the orange select  button. 

Now, you’re going need to select  the port to monitor. The first turn will be done by motor 

B, so use the left or right button to scroll and  find Port B. Select it and  you’ll notice a small box 

on the LCD screen with the number 0 (zero) in it. Just for grins, turn the wheel  on motor B and 

watch what  happens on the screen. That number tells you how many degrees the motor turns. 

If you turn the motor forward, you’ll get a positive number (1 and  climbing). If you turn the 

motor backward, you’ll get a negative number (-1 and  dropping). Press the orange select  but- 

ton to reset the degree counter. 

Now, place  the ExploroBot on a flat surface, and  press the orange select  button again to 

reset the counter. Next, you’re manually going to turn the ExploroBot 90 degrees to the left. For 

best results, try and  keep the wheel  for motor C from rotating. Just twist and  turn the Exploro- 

Bot left so that the wheel  on motor B turns. When  you’re done, take a look at the LCD screen. 

Your results might vary, but for my ExploroBot I got a reading of 535. Now do the same thing 

for Port C. A true  right turn, done the same way, should give you the same result (or very 

close). 

The number you get for motor B and  motor C is the number you’ll enter for the Duration 

setting for the MOVE blocks  used to turn the ExploroBot. (See Figures 4-14, 4-17, and  4-20 for 

coverage of the three MOVE blocks  used for turning.) Go back and  enter the number for all three 

MOVE blocks  (two for motor B and  one for motor C). Save your changes and  upload the updated 

program to your ExploroBot. 

Keep in mind that your ExploroBot will be different from every other ExploroBot—some 

motors are little more stiff, some less stiff. My rubber wheels might behave a little differently 

on a wood  floor versus a cement floor. Battery levels will be different. There  are so many fac- 

tors that can affect how your ExploroBot operates. Don’t get frustrated . . . just tweak and 

tweak and  then tweak some more (see my tweaks later in the chapter). 

At this point, you’ll have to do some testing to determine that the right and  left turns are 

as close to 90 degree turns as possible. Don’t take risks—if the bot is off by a few degrees, you’ll 

take the risk that your bot might not go straight and  get stuck  somewhere where you can’t 

reach it. You want the bot to turn as close to 90 degrees as possible and  then move  forward on 

a straight path. Tweak the individual Duration settings until  you’re happy that the bot is turn- 

ing left and  right correctly (see Figure  4-22). 
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Figure 4-22. I’ve entered  535 for the Duration settings on my three MOVE blocks for turning. 
 

 
 

Opening the Tomb Door 
Now it’s time  to simulate (test) the tunnel challenge. If your ExploroBot navigates a test tunnel 

and  returns successfully, great  job. You can rest assured that the real tunnel would be no chal- 

lenge  to your well-designed bot. 

Here are my suggestions for setting up your test tunnel. 
 

 
 

■Note You don’t have to construct  a real test tunnel to get results. Remember, your bot simply needs to 

move in fairly straight lines, react properly to obstacles (by turning left or right), stop on the “trigger”  and 

wait, and come back to the starting point. 
 
 
 

For my test ―tunnel,‖ I used the wooden floors of my home. I found a large open area  and 

measured out a distance of ten feet. At the end of the ten feet I stood up a hardback book to 

simulate the wall of the first corner. 

Next I measured six feet to the left and  placed another hardback book to simulate the wall 

of the second corner. 

For the end of the tunnel, I measured three feet left from the second corner and  placed 

three hardback books to simulate the dead end (see Figure  4-23). 
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Figure 4-23. Bird’s-eye view of my test “tunnel” 
 

 
And my results? It took four runs before I was successful in having my ExploroBot return 

to me. Here’s a summary of the runs: 
 

•  First run: My ExploroBot got too close to the wall before stopping. The simple fix for 

this was to change the Ultrasonic Sensor setting from five inches to seven  inches. The 

Ultrasonic Sensor detected the wall earlier and  was able to stop  the bot so it had room 

to turn properly. 
 

•  Second run: When  the ExploroBot successfully stopped at the wall and  turned left, it 

turned just a little less than I needed. My original setting was 535 and  I changed it to 550. 
 

•  Third  run: I had the same problem as the second run,  but this time  it turned a little too 

much. I had to change the setting again from 550 to 548. This time  it worked. 
 

•  Fourth  run: On the exit trip, I had motor C set to 535. I changed it to 548 and  it worked 

great. The ExploroBot ―exited‖ the tunnel and  was back in my hands. 
 

I could hear some odd noises behind the tomb door  as the pressure plate was triggered 

and  the tomb door  lock was released . . . 
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